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This study analyzes the comparative level of social and external costs if an existing transport 
chain is replaced by one that includes a greater use of shipping. The main objective of the paper is 
to assess, on the basis of changes in social and external cost, the potential effectiveness of policies 
which aim to promote a modal shift to shipping. The social and external costs of both options are 
evaluated, therefore, using both Sweden’s national guidelines for cost-benefit analysis and the 
European guidelines. A secondary objective of the paper is to evaluate the sensitivity of outcomes 
to the methodology applied and the input values employed, as well as to identify the relative 
strengths and weaknesses of these two CBA methodologies when applied to choices involving a 
shipping mode, The paper concludes that evaluation outcomes are highly sensitive to the choice 
of CBA methodology and the input values embedded therein. In addition, a number of 
shortcomings with the guidelines are identified, the most important of which are the need to: (1) 
have specific values for air pollution from ships; (2) incorporate a system for continuous updates 
of emission factors, given that vessel speeds vary over time and; (3) incorporate values for water 
pollution and its effects on the coast and sea bottom. For the Swedish guidelines specifically, 
there is a need to encompass a value for the scarcity of rail capacity. 
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1. Introduction 
A number of EU transport policies are aimed at incentivising a modal switch for long distance 
freight transport from road to both rail and sea (European Commission, 2011). However, as 
pointed out by Armstrong and Preston (2017), a number of rail systems suffer from capacity 
problems which limit the potential and desirability of modal switches from road to rail. Such is 
the case in Sweden, where the shortage of rail capacity has become so problematic that a policy 
objective has been set to move freight off both road and rail and on to water.  Although the 
benefits of such a modal switch are not categorical in every case (Hjelle, 2014; Tzannatos et al., 
2014), Styhre et al. (2014) identified the main general benefits of increased shipping compared to 
other modes of transport as being, among other things: lower costs for shippers, a greater 
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availability of infrastructure, the potential for lower emissions, less accidents and less congestion 
or capacity problems. 
The analysis presented in this paper identifies and compares the external costs of freight traffic 
brought about by a restructuring of an existing transport solution so that there is a greater use of 
shipping. Both the social costs (that are caused by the transport chain) and the external costs (that 
take into account the internalizing fees) are calculated for two alternative transport chains: a rail 
and shipping option and a direct shipping option. The results are presented in terms of social 
costs, (uninternalized) external cost and the internalization rate. The calculations are based on; (1) 
information from shippers and transport operators regarding the type of vehicles used, their 
capacity utilisation and the routes deployed (Vierth and Sowa, 2015); (2) the use of the NTM 
calculation tool regarding emission factors and; (3) the Swedish and European CBA guidelines, 
respectively, on the unit values of external costs. 
Through the application of CBA, the primary objective of the study is to determine the conditions 
under which policies which are, or might be, implemented to promote a modal shift from rail to 
shipping are actually efficacious in terms of reducing social and external costs within the Swedish 
context. The comparative level of social and external costs provides not only an obvious and 
valuable input into mode/route choice decision-making, but also has the potential to inform 
transport policy with respect to relieving some of the intense demand on land infrastructure. This 
may be achieved by replacing long land-based routes by shorter land-based routes to the nearest 
port and then utilising the sea mode. 
By applying the standard CBA guidelines of both Sweden and the EU, a secondary objective of 
the study is to identify the appropriateness of both sets of guidelines in applications which 
specifically involve a shipping mode. A detailed comparison of the outcomes associated with 
each set of guidelines also provides an opportunity for not only assessing the relative strengths 
and weaknesses of each set of guidelines when applied to this sort of context, but also the 
sensitivity of the decision outcomes to the set of assumptions and input values which underpin 
whatever CBA guidelines are applied.  
Despite the focus within this study on a specific application to Sweden, similar circumstances 
often arise in many geographical contexts across the world. This is particularly so with the global 
proliferation of transport policies which seek to move cargoes off the land transport network and 
towards water-based transport. Thus, there is an obvious and significant potential for the 
generalizability of the approach, results and conclusions presented within this paper. 
The specific case investigated herein is the movement of containers that originate from within the 
Mälardalen region on the East coast of Sweden. The containers are currently transported by rail, 
through ports and intermodal terminals on the East coast, to the port of Gothenburg on the west 
coast of Sweden, for onward sea transport to a continental hub and the final destination. Instead, 
this study hypothesizes an alternative routing where these containers are transported by vessel 
directly from a port in Mälardalen. In 2013, 120 000 TEUs4 were transported by rail between 
Mälardalen and the port of Gothenburg (Vierth and Sowa, 2015). If this volume were to be 
transferred to local ports for accessing a longer sea leg for the freight movement, this would 
mean an expansion from 260 000 to 380 000 TEUs in the container throughput of the East Coast 
ports. The focus of this study is to calculate and compare the external costs of direct shipments 
from Stockholm (as a representative East Coast port) to Hamburg (as a representative continental 
port), to the external costs of the existing transport chain; where rail transport is used to 
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Gothenburg and sea transport from there to Hamburg5. The two options to be evaluated are 
shown graphically in Figure 1. 
 
Figure 1. The two alternative transport chains to be evaluated (Illustration: Rune Karlsson)  
 
The next section provides an overview of CBA, with a particular emphasis on its practical 
application through the use of the Swedish and EU CBA Guidelines. Section 3 outlines the broad 
methodology, encompassing the application of CBA, which has been adopted for the analysis. 
The external costs which are specifically addressed within the analysis are identified in section 4, 
and the basis for determining their value is also provided.  Section 5 presents and discusses the 
results of the analysis, while conclusions are drawn in section 6. 
2. Cost-benefit Analysis (CBA) 
CBA consists of accounting for both internal costs (e.g. transport costs) and social costs (e.g. costs 
caused by accidents). Typically, a share of the social costs is internalized via taxes and fees or 
other policy instruments; the external costs are the remaining non-internalized social costs. Below 
we differentiate between a) social costs and b) external costs that are the part of the social costs 
that are not internalized). It is important to recognise that the analysis undertaken herein does 
not constitute a complete CBA, in that no account is taken of internal costs or benefits or, indeed, 
of any social benefits which might accrue. The focus of the study is on the short-term external 
costs that have not been paid by transport operators and shippers and, therefore, have not been 
considered when choosing a transport solution. Instead, these costs are borne by society (Mostert 
et al., 2017). 
There is significant ongoing research on a range of aspects relating to estimating, and even 
identifying, external costs (Becker et al., 2017). In consequence, the treatment of external costs 
within CBA is continuously developing. Despite this, a remarkable consensus has emerged with 
respect to a consistent and reasonably standardized methodological approach, at least with 
respect to the major issues of concern. Thus, while there are certainly other possible costs that 
may be taken into account within any specific case (e.g. energy dependency – see Stigka et al. 
(2014) and Salas et al. (2015)), the major external costs associated with applications to a transport 
context are broadly agreed to comprise: congestion, accidents and emissions (including pollution, 
                                                        
5 Approximately 50% of the containers handled in the Port of Gothenburg are transported into and out of the port 
by rail, with the remainder carried mainly by road (Port of Gothenburg, 2015),  
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greenhouse gases and noise). The preferred methodology that is most typically applied in 
practice revolves around using: 
1. Infrastructure costs that result from the use of the roads, rail tracks and waterways etc., 
especially costs related to wear and tear (Nilsson et al., 2017; Odolinski & Nilsson, 2017). 
2. Speed-flow functions, values of time and demand elasticities as the basis for estimating 
congestion costs (Lindsney and Verhoef, 2001; Link et al., 2016; Stubbs et al., 2017); 
3. Values of statistical life as the basis for estimating the marginal cost associated with 
accidents (Persson and Ödegaard, 1995; de Blaeij et al., 2003; Leon and Miguel, 2017); 
4. The impact pathway (or damage cost) approach for estimating both air pollution and 
noise costs (Pervin et al., 2008; Watkiss and Holland, 2013). Even before the difficult task 
of utilizing the willingness-to-pay concept for determining a monetary value for lives, ill-
health, lost crops etc (Breidert et al., 2006), this will involve assessing: the volume and 
types of emissions at source; their geographical dispersion and chemical transformation, 
as affected by meteorological influences; the exposure of the population at risk and; the 
impact in terms of mortality, morbidity and other adverse effects (on crops, water etc) 
(EEA, 2011); 
5. The abatement cost approach for estimating climate cost. This use of this approach is 
justified in preference to the damage cost approach because of the long-term nature of 
reduction targets for greenhouse gas emissions (Stern, 2008; Nordhaus, 2017). 
2.1 European guidelines 
The EU provides guidelines for estimating these external costs and recognizes the potential for 
applying the guidelines at three different levels of analysis within specific national and/or 
transport contexts (Ricardo, 2014). These three levels are as follows: 
1. To apply the methodology described in the guidelines to its fullest and most detailed 
extent, using disaggregate data to derive the full range of local valuation inputs and key 
input parameters in a bottom-up approach.  
2. To utilize existing values for specific areas and transport contexts that are provided in the 
guidelines as input values, in order to produce local output values. 
3. Where resources are limited, highly aggregate estimates can be derived by applying the 
EU’s country-specific output values, which are provided for each category of external 
cost.  
Clearly, the accuracy in the valuation of external costs within any CBA is a function of the level of 
analysis that is applied. The analysis undertaken within this work represents a comparison of the 
outcomes achieved by applying levels one and two, as described above, to the context of Swedish 
container freight movements. In so doing, both the scale and source of differences in the results 
achieved can be identified, as can the specific difficulties associated with the application of CBA 
to the freight context (Austin, 2015), particularly in cases where shipping provides a viable modal 
alternative (Tichavska and Tovar, 2017). 
2.2 Swedish guidelines 
Sweden’s national CBA guidelines are called ASEK (Trafikverket, 2015a) and have been applied 
in the evaluation of virtually all Sweden’s major national transport investments since the 1990s 
(Eliasson, 2013).  
In the absence of reliable cost estimates, the analysis accounts only for the external costs that arise 
while the container shipments are being transported. In other words, although potentially 
important (Tichavska and Tovar, 2017), the external costs incurred in ports and other terminals, 
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as well as all internal costs, are not considered. Based on information from shippers, it is known 
that the two options analysed are priced at approximately the same level (Vierth and Sowa, 2015).  
The comparison of alternative transport chains which is undertaken within this study reveals, 
therefore, which option imposes the least costs on entities other than transport operators and 
shippers. It does not, however, reveal the option possessing the lowest economic costs overall. 
For this, all internal and external costs would need to be included within the analysis (Bickel and 
Friedrich, 2013).  
Various measures can be used to internalize external costs (i.e. to transfer the external costs into a 
firm’s internal costs). The government can introduce regulations that force firms to reduce 
external costs. For example, the Sulphur Directive within the EU prescribes the maximum 
permissible sulphur emissions for ships. The government can also introduce or adjust taxes or 
fees where companies offset social costs and/or it can give incentives for reducing the external 
costs that transport gives rise to. Finally, companies can also take voluntary measures to reduce 
external costs. A further aspect of the analysis undertaken herein is, therefore, to account for any 
internalization fees which may have been paid in each of the cases evaluated. 
3. Methodology 
The analysis revolves around a comparison of the social and external costs of two alternative 
freight transport chains. The first is the currently existing base-case solution (Option 1: Rail and 
shipping) which has a significant land-based element. The other alternative is a theoretical 
solution which offers a greater use of shipping (Option 2: Direct shipping). Option 2 assumes that 
the freight movements take place by vessel between the port of Stockholm on the East coast of 
Sweden and Hamburg. In both options it is assumed that road transport is used to get to and 
from ports and intermodal terminals. Given the absence of treatment for external costs incurred 
in container terminals (rail or sea) within both Swedish and European guidelines, it should be 
borne in mind that Option 1 has one more transhipment point than Option 2.  
3.1 Assumptions on vehicles 
The assumptions on the vehicles are based on information from shippers and transport operators 
within the Mälardalen region (Vierth and Sowa, 2015). The trains carrying the containers from 
the East of Sweden to Gothenburg are assumed to have an average gross weight of 1,300 tons, a 
payload of 650 tonnes and to be 500 meters long. It is assumed that each train carries an average 
of 75 TEUs and that the maximum permissible axle load is 22.5 tonnes. The length of the rail 
transport journey is taken from the Swedish national freight model. About 50 kilometres of the 
railway line is expected to be in an urban area, corresponding to 11 % of the total rail transport 
distance.  
As of January 1st 2015, sulphur emissions from ships have been reduced to a permitted 
maximum of 0.1 % within the sulphur emission control area (SECA) in the Baltic Sea, North Sea 
and English Channel. The owners/operators of vessels have reduced their sulphur emissions 
either by using low-sulphur fuel or technology for sulphur removal. 
The level of a vessel’s NOx emissions is largely dependent on what engines they use. The United 
Nations International Maritime Organization (IMO) has developed regulations to reduce NOx 
emissions from ships and categorised them as Tiers 0, 1, 2 and 3, with each tier specifying the 
requirements that the engine must meet. Determining which Tier requirements are applicable 
depends on the year the vessel was constructed. It is assumed that the container vessels 
considered in this analysis meet the Tier 2 requirements, which means that they are built in 2011 
or later. 
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For the purposes of the study presented herein, Unifeeder’s vessels plying each of the two 
shipping routes are assumed to be representative: Flottbek (capacity: 1,638 TEUs, DWT: 15,933 
tonnes6, GT: 16,324 tonnes) operates on the Gothenburg-Hamburg route in Option 1: Rail and 
shipping and Katharina Schepers (capacity: 1,036 TEUs, DWT: 13,031 tonnes, GT: 10,318 tonnes) 
operates on the Stockholm-Hamburg route in Option 2: Direct shipping (see Unifeeder, 2015). 
According to an estimate derived from the shipping company MSC, a utilization rate of 90 % is 
assumed, with four vessels deployed on each route. Sailing distances are based on data from sea-
distances.org. 
3.1 Calculating the amount of emissions 
The calculation tool, NTM Calc, was used to compute the amount of emissions from the two 
options (NTM, 2016). However, in a discussion with NTM it was concluded that the amount of 
emissions caused by container vessels for the actual year 2015 was overestimated. This was due 
to the fact that parameters are embedded within the tool that are based on values from 8-15 years 
ago. In more recent years, however, the operating speeds of bulk, oil and container vessels have 
been reduced in order to achieve better fuel economy in depressed shipping markets. According 
to Table 4 in IMO’s third Greenhouse Gas report (IMO 2014), for container vessels in the 1000-
1999 TEU size range, the ratio of "average at sea speed (v0)" and "design speed (vD)" changed 
from 0.80 in 2007 to 0.73 in 2012. This means that the operating speed in 2012 was 0.73 / 0.80 = 
0.91 * the operating speed in 2007, assuming no change in design speed. The power output is 
proportional to (v0/vD)^2.5. If v0 decreases to 0.91 * v0 for 2007, the power output therefore 
reduces to 0.91^2.5 = about 80 % of the power output in 2007. On the basis of this approximation, 
the emission estimates that have been used in this study (see Table 1) are 20 % lower than those 
produced by NTM Calc7. 
Table 1. Calculated amount of emissions (in g, kg) in Option 1 and Option 2 
 NOx (g) SO2 (g) PM (g) CO2 (kg) 
Option 1: Rail and shipping     
Combi train 456 km 36 22 8 75 
Container vessel (1,638 TEU) 593 km 2 596 800 135 760 20 728 126 320 
     
Option 2: Direct shipping 
Container vessel (1,036 TEU) 1,074 km 
 
3 262 400 
 
170 560 
 
170 560 
 
152 720 
Source: NTM (2016) and our own calculations based on IMO (2014). 
3.2 Calculating the social costs  
The European guidelines on external costs of transport (Ricardo, 2014) and Sweden’s national 
CBA guidelines, ASEK (Trafikverket, 2015a) are applied in parallel in order to facilitate a 
comparison of outcomes. The method for calculating the social and external costs associated with 
each of the two options is in principle the same as applied in Vierth et al. (2013) and Mellin et al. 
(2013). However, a degree of updating of these works has been implemented herein in relation to 
both the Swedish and European guidelines and this has had an impact on the cost estimates and 
internalization rates. These updates relate particularly to assumptions about the characteristics of 
the vehicles and vessels which carry the freight, their capacity utilization and the taxes and fees 
which pertain. 
                                                        
6 DWT = deadweight tonnage, a measure of how much mass a ship can carry 
7 The speed exponent used in these calculations has been derived from the measured average 
consumption curve (Gudehus and Kotzab, 2012) of the two Unifeeder container vessels, the Flottbek 
at 1638 TEU and the Katharina Schepers at 1036 TEU (Unifeeder, 2015). 
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3.3 Calculating the fees   
As mentioned above, amongst other things, governments can introduce or adjust state fees to 
convert external costs into internal costs. For a complete analysis of external costs, it is important 
to calculate the social costs and to take into account the effect of the taxes and fees that seek to 
internalize social costs. Therefore, we calculate both the social costs and the external costs (that 
remain uninternalized when taxes and fees have been deducted) and the internalization rate 
(taxes and fees divided by the social costs). 
4. Identification of social costs and basis for evaluation 
Various types of social costs can be identified, some of which are more relevant to certain modes 
of transport than to others: infrastructure costs, accidents, congestion or scarcity of capacity, 
noise, air pollution (mainly in the form of nitrogen oxides (NOx), sulphur dioxide (SO2) and 
particulate matter (PM)), climate change impacts in the form of carbon dioxide emissions (CO2) 
and the impact of other emissions, including noise, on the land, coastal areas, rivers, seas and the 
sea bottom. The social costs arising from transport are dependent, among other things, upon the 
vehicles or vessels used, on the routes taken, and how the overall effects per kilometre are 
measured in monetary terms. In particular, for the land-based modes the values for air and noise 
pollution will vary, depending on whether the shipment is carried through rural or urban 
environments. Table 2 summarises the social costs that are included in the analysis presented in 
this paper. 
Table 2. The social costs of different transport modes 
 Rail Shipping 
Infrastructure costs/wear and tear  X  
Accidents  X  
Congestion/scarcity of capacity  X  
Noise X  
Air pollution X X 
CO2 emissions X X 
Pollution, noise in water, effects on coast and sea bottom  X 
 
4.1  Infrastructure costs/wear and tear 
The infrastructure costs depend upon the amount of wear and tear that results from the use of the 
rail infrastructure. In accordance with both the Swedish and European guidelines, the cost of 
wear and tear is assumed to be zero for shipping. 
4.2 Accidents 
The social costs of rail accidents include inter alia, health care costs, lost productivity and the 
costs associated with loss of life and health. In accordance with both the Swedish and European 
guidelines, the cost of accidents is assumed to be zero for shipping.  
4.3 Congestion/scarcity of capacity 
Congestion in the ordinary sense of the term does not exist on the railway system because the 
volume of traffic on the network is regulated; all traffic requires authorization and is scheduled. 
Instead, the relevant concept is scarcity of capacity. The level of scarcity is largely dependent on 
the time of day that the trains are running. This means that even stretches of railway line with a 
lot of traffic can have a good level of capacity at certain times of the day. 
The Swedish guidelines do not include a formal valuation of the shortage of railway capacity. 
The European guidelines specify a range of unit values and a European average value for the 
scarcity of capacity on rail. The approach used is primarily adapted to evaluating congestion on 
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the road and does not allow for the consideration of rail-specific aspects, such as the fact that 
some train paths are not granted to operators at all or that greater capacity can be achieved when 
trains travel at the same speed. It can also be mentioned that an increased use of the rail 
infrastructure tends to increase the risk of delays for passenger and freight trains. Finally, the 
Swedish guidelines assume that there are no congestion problems related to shipping in Sweden 
(Trafikanalys, 2015). 
4.4 Noise 
The social cost of noise is calculated in accordance with how many people are affected by the 
noise and depends on the vehicle length, speed and technical characteristics. Noise costs for both 
road and rail are a relatively new component of the Swedish guidelines and, therefore, were not 
considered within previous studies such as those reported in Vierth et al. (2013) or Mellin et al. 
(2013). For an electrically-powered freight train, an average noise cost of € 0.75 per train-
kilometre is recommended regardless of where the train is running. 
The European values depend on several factors: day/night operation, dense/sparse traffic and 
operation in urban/suburban/rural areas. The figure used within this study is, therefore, a 
function of all these factors, where 15 % of all rail traffic is assumed to go through urban areas, 
with the remaining 85% operating in rural areas. It is also assumed that 50% of the traffic moves 
during the day and that this is only relatively light traffic. In parallel with both the Swedish and 
European guidelines, the impact of noise from shipping while at sea is assumed to be equal to 
zero within this analysis. This is because the noise impact from shipping arises mainly from 
berthing, loading and unloading in ports and narrow inlets, where there are surrounding 
residents and buildings. 
4.5 Air pollution and CO2 emissions 
The Swedish guidelines contain recommendations for the social costs of air pollution and CO2 
emissions on the basis of both per vehicle-kilometre and per kilogram emissions. This study uses 
the cost per kilogram of emission, since it facilitates a more precise specification of the vehicles 
and vessels used. This will then yield more precise estimates of the social costs of air pollution 
and CO2 emissions. The social costs of one kilogram of air pollution and CO2 emissions are 
presented in Table 3. The calculation is undertaken in two steps: The first step is to use the ‘NTM 
Calc’ tool to calculate how many tonnes of NOx, SO2, PM and CO2 emissions different vehicles or 
vessels emit per vehicle-/vessel-kilometre (NTM, 2016). In the second step, these emissions are 
valued using the Swedish and European guidelines respectively. For the air pollution cost, it is 
necessary to differentiate between local or regional emissions. This is not needed for CO2 
emissions. As discussed in section 2.2, the total amount of CO2 emissions from sea transport is 
dependent on the actual speeds of ships. 
For sea transport, the Swedish regional values have been applied, as local air pollution is 
assumed not to exist. The European guidelines recommend separate valuations for land and sea 
transport and different sea transport costs for different sea areas. In this study, the average of the 
values for the North Sea and the Baltic Sea has been used. 
It is assumed that all trains run on electricity, which does dominate in Sweden. Thus, rail 
transport is deemed to have no direct emissions, but only indirectly from the production of 
electricity. Sweden’s energy mix in electricity production is assumed. Diesel locomotives are used 
to move from the main rail network to the ports. These distances are, however, so short that they 
are  disregarded in this paper. 
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Table 3. Social costs of rail and shipping under Swedish and European guidelines  
 Swedish Guidelines European Guidelines 
 Rail Shipping Rail Shipping 
 € per train-km for combi 
train  
€ per vessel-km € per train-km for train € per vessel-km 
Wear and tear  2.71 - 3.06 - 
Accidents  0.13 - 0.27 - 
Scarcity - - 0.25 - 
Noise 0.75 - 0.32 - 
  
€ per kg of emission  
 
€ per kg of emission  
 
€ per kg of emission  
 
€ per kg of 
emission  
NOx  Regional 9.06, local 1.59 Regional 9,06 5.55 5.21 
SO2  Regional 3.06, local 13.93  Regional 3.06 5.66  5.44 
PM  Regional 0, local 
476.22 
 Regional 0  Regional 15.40, 
local 207.93 
 14.50 
CO2 0.12 0.12 0.09 0.09 
Source: Ricardo (2014), Trafikverket (2015a) and own calculations (exchange rate 8.83 SEK/EURO 
 
As revealed through a comparison of the content of Table 3, there are sometimes large 
differences between the valuations provided by the Swedish and European guidelines. These 
differences can be caused by different circumstances, e.g. higher wear and tear costs for rail due 
to stronger winters in Sweden, or different valuations, e.g. of pollution caused by sea transport. 
For certain items, the variation can be more than a factor of two. While the European guidelines 
provide a valuation for scarcity of railway capacity, the Swedish guidelines are lacking in this 
aspect. 
For air pollution, the Swedish guidelines differentiate between local and regional impacts for 
both road and rail but, with respect to the sea mode, the same values are applied to emissions on 
land and at sea. This may be problematic with respect to the significant differences in the cost of 
claims that may arise between land and sea (Hämekoski et.al., 2002). For shipping, it should also 
be noted that the Swedish values for NOx and CO2 are higher than the European values, while 
they are lower for SO2 and PM. 
4.6 Water pollution and the impact on the coast and sea bottom 
These are widely-known external costs of shipping. However, both within the Swedish and 
European guidelines, there are no calculation values quoted for these impacts. For this reason, 
they are assumed to be zero within this analysis. 
1. Analysis and discussion of results 
5.1 Social cost calculations 
The social costs of the two options for evaluation are calculated on the basis of: (1) the 
assumptions with respect to the train and vessels used, as outlined in section 2.1; (2) the 
calculated amount of emissions under the two options, as shown in Table 1 and; (3) the unit 
values for the social costs, as shown in Table 3 for both the Swedish and European guidelines. 
The results of these social cost calculations are shown in Tables 4 and 5, for the Swedish and 
European guidelines respectively.  
EJTIR 19(1), 2019, pp.60-76                                                                                                                                                     69                                                                                                                                                      
Vierth, Sowa and Cullinane                                                     
Evaluating the external costs of a modal shift from rail to sea: An application to Sweden’s East coast container 
movements  
 
 
 
Table 4. Social costs of the two options (in €) based on Swedish guidelines 
 Wear 
 and tear  
Accidents  Scarcity  Noise  Air 
pollution 
CO2 
emissions 
Per train/ship Per TEU 
Option 1: Rail and shipping 
Train  1234 58 0 341 1 9 1644 22 
Vessel      23942 15450 39392 27 
Total        49 
Option 2: Direct shipping 
Ship/Total     30079 18679 48758 52 
         
Source: Trafikverket (2015a) and own calculations (exchange rate 8.83 SEK/EURO) 
Table 5. Social costs of the two options (in €) based on European guidelines  
 Wear 
 and 
tear  
Accidents  Scarcity  Noise  Air 
pollution 
CO2 
emissions 
Per 
train/ship 
Per 
TEU 
Option 1: Rail and shipping 
Train  1394 124 114 145 1 7 1784 24 
Vessel      14567 11445 26011 18 
Total        42 
Option 2: Direct shipping 
Ship/Total     18300 13836 32137 34 
         
Source: Ricardo (2014) and own calculations 
5.2 Scarcity of rail capacity 
It is important to emphasize that the Swedish guidelines do not include any consideration of 
shortages of track space on the rail system – i.e. the opportunity cost of the pathways for either 
passenger or freight trains which cannot be accommodated on the existing tracks between 
Stockholm and Gothenburg. If a larger proportion of containers are transported direct by sea 
between Mälardalen and mainland Europe, this will release capacity for other trains, either 
passenger or freight. The Swedish Transport Administration’s compilation of the Annual 
Railway Timetable 2015 (Trafikverket, 2014a) makes it obvious that there are capacity problems 
between Stockholm and Gothenburg. Figure 2 shows that some of the biggest bottlenecks are 
located on the line between Gothenburg and Stockholm, mainly in the areas close to these and 
other cities. 
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Figure 2: Capacity constraints on Swedish rail network between Stockholm and Gothenburg 
Source: Trafikverket (2014b) Capacity limitations are shown as green for low, yellow for medium and red 
for severe. 
Based on the results of the analysis contained in this paper, the adoption of the direct shipping 
option would mean that about 1,600 freight trains per annum would be removed from the route 
(120,000 TEU / 75 TEU). The greater use of shipping would mean that four to five fewer freight 
trains per day would need to operate on this already busy route; this represents about 15-20 % of 
all the freight trains on the route and about 4-5 % of all trains. It would thus reduce the scarcity of 
capacity in the rail network and reduce the social costs. 
While the Swedish guidelines do not address how a reduction in the scarcity of rail capacity 
should be valued, the European guidelines place a value on this of € 0.25 per train-kilometre as a 
European average. This translates to € 114 per train or € 1.52 per TEU for the movement between 
Stockholm and Gothenburg. Within Europe, social cost values for shortage of rail capacity range 
from € 0.13 to € 0.65 per train-kilometre. There is reason to believe that Sweden (on average) 
should apply a value which falls within the upper part of this range, since the country has 
relatively many congested sections of the rail network. Hylén and Wikberg (2013) point out that 
Sweden has nine congested sections, compared to one each in Germany and Austria and no 
congested section in France and Switzerland. The fact that the line between Stockholm and 
Gothenburg is one of the most congested routes in Sweden suggests a quite high value for this 
line, as compared to other lines in Sweden and other parts of Europe. 
 
As shown in Table 4, under the Swedish guidelines the total calculated social costs per TEU is 
lower for Option 1: Rail and shipping (€ 49 per TEU) than for Option 2: Direct shipping (€ 52 per 
TEU). This is largely due to the fact that the scarcity of rail capacity is not considered in the 
Swedish guidelines. In fact, as shown in Table 5, under the European guidelines, where the 
scarcity of rail capacity does have an social cost value, the result is different; with Option 2 
yielding a lower social cost (€ 34 per TEU) than Option 1 (€ 42 per TEU). Thus, the issue of 
valuing any change in the scarcity of rail capacity is critical to the evaluation as undertaken 
herein. 
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5.3 Other aspects 
It is important to emphasize that neither of the results achieved under the Swedish or European 
guidelines say anything about which of the two options is more expensive for society. This is 
because internal costs also need to be taken into account for a full CBA. For the rail mode, wear 
and tear to the infrastructure accounts for by far the largest proportion of social cost (75%). For 
sea transport, air pollution is the largest social cost, accounting for about 60 % using the Swedish 
valuations. NOx emissions account for approximately 94% of the air pollution.  
The results achieved herein are different than those in Vierth et al. (2013) who analysed a similar 
transport case. The main reason for the difference is that Vierth et al. (2013) assumed a train size 
of 25 40-foot containers with a total weight of 960 tonnes, compared to a train size of 75 TEU and 
1 300 tonnes assumed herein. Another contributory factor is that the unit values of social costs 
and fees have changed since that time. 
5.4 Accounting for the internalization of the social costs via fees 
Whilst taxes are not relevant to either of the two options, information on fees is derived from the 
responsible state agencies. The internalizing fees for the modes of transport considered within 
this study are simply track charges for rail and both fairway dues and passage/canal dues for 
shipping. Pilot fees are not included as internalizing fees as no accident costs are assumed. The 
inclusion of the pilot fees would lead to double counting, as the social costs of accidents for sea 
transport are assumed to be zero. This assumption is a simplification, as the pilotage regulations 
do not remove the possibility of any accident. 
The rail track charges for the train are calculated with the help of the Swedish Transport 
Administration’s calculation tool (Trafikverket, 2015b). Fairway dues are mandatory for ships 
sailing in Swedish waters and levied by the Swedish Maritime Administration (Sjöfartsverket, 
2016). They consist of two parts: a GT charge (based on the vessel's gross tonnage) and a cargo fee 
(depending on the amount of cargo loaded or unloaded). These fees are € 0.29 per GT and € 0.31 
per tonne of cargo. The levels of the fairway dues payable in Options 1 and 2 have been 
calculated with the help of the Swedish Maritime Administration, taking into account the fact 
that a vessel pays the GT charge only for the first two calls per month. For Option 2: Direct 
shipping option, a passage fee for the Kiel Canal of € 1,509 is included as well.  
The fees that internalize the social costs are significantly higher for the rail mode than for the sea 
mode. Referring to Table 6, the fees paid by the firms are € 17 per TEU in Option 1: Rail and 
shipping and € 6 per TEU in Option 2: Direct shipping. The reason why the sea link pays lower 
fees in Option 1 (€ 4 per TEU) than in Option 2 (€ 6 per TEU) is that the latter involves the 
payment of a fee for transiting the Kiel Canal. 
Table 6. Internalization fees for the two options  
 € per train/vessel € per TEU 
Option 1: Rail and shipping 
Train  958 13 
Ship  6555 4 
Total   17 
 
Option 2: Direct shipping 
Ship/Total 5136 6 
Source: Trafikverket (2015a) and own calculations (exchange rate 8.83 SEK/EURO) 
 
As shown in Table 7, when the fees are subtracted from the social costs, Option 1: Rail and 
shipping looks more beneficial than Option 2: Direct shipping under both the Swedish and 
European guidelines. The external costs are € 32 per TEU in Option 1: Rail and shipping 
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compared to € 46 per TEU in Option 2: Direct shipping. The fact the fairway dues and the Kiel 
Canal passage fee are not distance dependent, unlike most of the fees for the other transport 
modes, means that the internalization rate for sea transport decreases as distance increases. 
Table 7. External costs (after accounting for internalizing fees) 
Swedish Guidelines European Guidelines 
 External costs  
€ per TEU* 
Internalization  
rate** 
External costs  
€ per TEU* 
Internalization  
rate** 
Option 1: Rail and shipping 
Train  9 58% 11 54% 
Vessel  23 17% 14 25% 
Total  32 35% 25 41% 
   
Option 2: Direct shipping 
Ship/Total 46 11% 28 16% 
Source: Trafikverket (2015a), Sjöfartsverket (2016), Ricardo (2014) and own calculations 
Notes: *Social costs minus internalizing fees, **internalizing fees divided by social costs. 
 
When the European guidelines are applied, as also shown in Table 7, the same results are 
obtained in terms of the ranking of the alternative options, where both the (non-internalized) 
external costs are considered and when the internalization rate is considered. The difference 
between the options is less, however, than under the Swedish guidelines. 
 
5.5 Summary comparison 
Given that the annual container volume moved is 120,000 TEU, the results mean that the annual 
social costs amount to about € 5.9 million for Option 1: Rail and shipping and about € 6.2 million 
for Option 2: Direct shipping. After accounting for internalizing fees, Option 1: Rail and shipping 
yields external costs of € 3.8 million per year and Option 2: Direct shipping yields € 5.5 million 
per year (applying the Swedish guidelines). The difference between the results for the external 
costs (after accounting for the internalizing fees) of the two options is largely due to the fact that 
higher fees are paid for the use of the rail mode than for the sea mode. 
2. Conclusions 
Based on the Swedish guidelines, social costs for the rail and shipping option are estimated to be 
lower than for the direct shipping option. When using values from the European guidelines, 
however, the social costs of the rail and shipping option are found to be higher.  When the 
internalizing fees that are paid are subtracted from the social costs, the result favours the rail and 
shipping option, using either Swedish or European guidelines. 
These estimates do not provide a comprehensive picture, however, because the social cost 
associated with the scarcity of rail capacity has not been accounted for under the Swedish 
guidelines. This is potentially important since the direct shipping option would release about 
1,600 freight trains per year from the Stockholm-Gothenburg rail line. Several factors indicate that 
the valuation of the capacity on the Stockholm-Gothenburg line is significantly higher than the 
European average. 
Given the global proliferation of policy objectives which seek to promote the greater use of 
shipping for the movement of freight (Suárez-Alemán et al., 2015), there exists significant further 
potential for the generalizability of the approach, results and conclusions of this study. In order 
EJTIR 19(1), 2019, pp.60-76                                                                          73 
Vierth, Sowa, and Cullinane Janssen 
Evaluating the external costs of a modal shift from rail to sea: An application to Sweden’s East coast container 
movements 
 
to justify and facilitate policies which promote freight modal switching, it is clearly pivotal that 
infrastructure investment and the imposition of various policy instruments and measures are 
appropriate. The outcomes from a CBA will often provide the political justification for such 
decisions, so it is important that not only are these conducted rigorously, but that the 
assumptions and input parameters which drive them, as well as their associated shortcomings, 
are well understood. 
As has been seen within the context of the study undertaken herein, the decision on 
methodological design could have a significant impact on the outcome of a CBA and the ultimate 
decision which might be based on it. As was the case within this study, the degree of 
disaggregate analysis and local tailoring embedded within the design of a CBA could actually 
bring about differential rankings in the social and external costs associated with modal 
alternatives. However, there is a trade-off with achieving greater accuracy in that increasing the 
specificity of the methodology will obviously also increase the cost of the analysis. 
As a case in point, the results of this study highlight the need to supplement the Swedish 
guidelines by including an element relating to the social costs of the scarcity of railway capacity. 
This is especially important because there are existing capacity problems on several parts of 
Sweden’s rail network and these are likely to increase in the future. This information is also 
needed in order to account for the fact that track utilization rates affect the robustness of the rail 
system and the risk of delays, etc. The need to give due consideration to rail capacity issues is 
generalizable to other countries when hinterland transport by rail increases on lines which 
already have high capacity utilisation, typically on mixed lines that are used by both passenger 
and freight trains (Armstrong and Preston, 2017).  
Recognising the potential inappropriateness of utilising off-the-shelf input parameters and/or 
output costs, such as those provided by the EU (Ricardo, 2014) is pivotal to interpreting the 
summary output of a CBA, particularly in relation to the potential influence exerted by the 
valuation of social costs. As a specific example of this, an important difference between the 
Swedish and the European guidelines is that the NOx valuations are significantly lower in the 
European guidelines (€ 5.5 per tonne) than in the Swedish guidelines (€ 9.1 per tonne). Such a 
significant difference in valuation could have important implications for both the policies and 
targets for freight modal split.   
Similarly, unlike the Swedish guidelines, the European guidelines provide specific costs for sea 
transport. This gives reason to believe that the true social cost values for shipping are closer to the 
European guidelines than to the Swedish guidelines. To increase the quality of CBAs within the 
Swedish context, therefore, social costs which are specifically adapted to sea transport should be 
developed. Alternatively, the use of European unit values for air pollution from ships could be 
recommended. However, the social costs of sea transport largely depend on vessel engines and 
speed (in that these directly affect fuel consumption, air pollution and CO2 emissions), and the 
optimal speed of ships is largely determined as a function of fuel prices and the economic 
situation in specific shipping markets (Tichavska and Tovar, 2017). As such, vessel speeds will 
vary over time and this means that the social costs of shipping will also vary over time. Hence, as 
illustrated when applying the NTM Calc tool in this analysis for estimating the emissions, 
another generalizable lesson to be learned is that it is desirable that continuous updates of 
emission factors for sea transport are undertaken. 
This again is an aspect which is generalizable to all freight modal choice contexts where shipping 
is a viable alternative but where national guidelines on CBAs do not adequately deal with the 
social costs of shipping; it is important that the social costs of sea transport are accounted for and 
there may even be a case, with greater research, for the development of both ‘at sea’ and ‘in port’ 
valuations, particularly where port or terminal elements of a freight movement fall within the 
scope of the analysis (van Veen-Groot and Nijkamp, 1999; Cadarso et al., 2010; Ambrosini et al., 
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2016; Zhu et al., 2018). There is also clearly a need to develop social costs associated with the 
water pollution of ships and the impacts that this has on the sea bottom and the coast. 
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